Objectives: Since studies demonstrate that neonates born to mothers having been cared for premature labor will suffer from congenital neonatal sepsis, we aimed to evaluate the prevalence and main risk factors of neonatal infection among mothers having experienced a prior premature labor. Methods: This was a cross sectional study carried out from January 1st throughout 31st December, 2013 at the university clinics of Kinshasa. It concerned all delivered women at term having been cared for premature labor prior to giving birth a live newborn. Maternal variables of interest were: parity, gestation, age, intrapartum fever, malaria, urogenital infection during the last 2 weeks before delivery (UGI), premature rupture of membranes (PROM), cervical cerclage, meconium-stained amniotic fluid (MSAF) and the way of delivery. For neonates attention was paid on gestational age, birth weight, admission at neonatal intensive care unit (ANICU) and infection as stated within three days after birth. T-test and Chi-square were used where appropriate. Logistic analysis was used to determine the risk for maternal variables to induce neonatal infection (OR and CI), the significance stated at p < 0.05. Results: Fifty two mother-infant couples were recruited. Of these 19 neonates were infected (prevalence of 36.5%). Mean age, gestational age and birth weight were 30.19 ± 5.32 years, 37.2 ± 2 weeks and 2638 ± 588 g, respectively. Infected neonates had their gestational age and birth weight significantly lower whilst proportion of ANICU higher than that on non infected. Prematurity, PROM, UGI, prior cerclage and MSAF were significantly more frequent in couples with neonatal infection. Prematurity, birth weight <2500 g and UGI were found to enhance the risk by 3 to 4 times. Conclusion: The prevalence of neonatal infection was very high. Prematurity, birth weight <2500 g and maternal UGI were found to enhance the risk by 3 to 4 times.
Introduction
Premature labor/delivery is one of the five common conditions (including premature rupture of membranes (PROM), small for gestational age, congenital anomalies and pregnancy induced-hypertension) defining the so called "Great Obstetrical Syndromes" [1] . In average 50% of cases, it ends into preterm birth that is now the leading cause of neonatal death and the second leading cause of childhood death globally [1] [2] . The main risk factors for premature labor include socioeconomic, psychological (stress) and environmental ones, whilst actual etiologies are dominated by pathological situations such as parasitic (e.g. malaria) infestation, urinary tract and vaginal/genital infections and cervical shortening [1] - [4] .
Studies demonstrate that up to 37% of neonates born to mothers having been cared for premature labor (even with unruptured membranes) will suffer from congenital neonatal sepsis, also called early-onset sepsis (within 2 -3 days of birth) [3] - [7] . In comparison with environmental (nosocomial) neonatal sepsis (later-onset infection), such a maternally acquired infection progresses more rapidly and carries a higher mortality [8] - [10] . Although PROM (either preterm or ≥37 weeks' gestation) and duration of rupture of membranes ≥18 -24 hours are assumed to worsen the situation, premature labor in itself thus appears to be linked to neonatal sepsis. The latter might be linked to histological chorioamniotitis and microbial footprints in the amniotic cavity that were found in patients at risk of PROM [1] [2] [11] . Meanwhile, before much is known on the causative relationships between maternal exposure before PROM and neonatal condition, authors agree that efforts are to be orientated on prevalent risk factors according to different environments in order to properly base an antibiotic prophylaxis [8] - [10] [12] . This is mostly expected in areas such as sub-Saharan countries where neonatal sepsis, although hugely contributing to the burden of neonatal morbidity and mortality [12] [13], has never been addressed this way.
Based on maternal risk factors Mukhopadhyay and Puopolo [8] and Puopolo et al. [9] estimated the probability of neonatal early-onset infection in order to reduce the number of uninfected neonates to be provided with antibiotic prophylaxis. Their predictive model, however, focused on features (group B streptococcus, delivery at ≤34 weeks' gestation, long duration rupture of membranes, maternal fever) not suitable for cases where fetal membranes are unruptured. So, the question seems ongoing.
The present study was intended to evaluate the prevalence as well as the main risk factors of neonatal infection among mothers having experienced a prior (threatened) premature labor long before delivery.
Methods
This was a cross sectional study covering one year (January 1st till 31st December, 2013) at the university clinics of Kinshasa, DR Congo. It concerned all women having been cared for premature labor prior to giving birth and having delivered of a live newborn at the maternity unit of the department of obstetrics and gynecology, university clinics of Kinshasa. Prior threatened preterm labor was stated at gestational age less than 37 weeks as the presence of at least 3 uterine contractions in 10 minutes and cervical changes (effacement and or dilation greater than 1 cm) in women with intact fetal membranes. Maternal variables of interest were: parity, gravidity, gestational age, cervical cerclage, birth delay under tocolysis, intrapartum fever, malaria, urogenital infection during the last 2 weeks before delivery (UGI), premature rupture of membranes (PROM) and the way of delivery. For neonates attention was paid on gestational age, meconium-stained amniotic fluid, birth weight, admission at neonatal intensive care unit (NICU). Neonatal infection was stated within three days after birth by the staff of the neonatal unit, based on general (fever or hypothermia, cyanosis), respiratory (apnea, respiratory distress), neurologic and laboratory (NFS, CRP, Hemoculture) signs. Data were registered using Microsoft Excel (Microsoft Corporation, 86. Redmond, WA, USA, 2007). After transfer to SPSS (version 18.0; SPSS Inc., Chicago, IL, USA) for statistical calculations, we sought to evaluate the relationship of specific pre-and intrapartum factors to occurrence of neonatal infection. T-test/Mann-Whitney and Chi-square/Fischer test were used where appropriate to compare means and proportions. Logistic analysis was used to determine the risk for each significant maternal variable to induce neonatal infection (OR and CI), the significance stated at p < 0.05.
Results
During the study period the delivery count was 783, whilst 70 admissions for premature labor were registered. Of these, 18 were excluded because of incomplete files mostly in relation with neonatal status, leaving 52 mother-infant couples that were recruited. In total 19 neonates were recognized with sepsis (a prevalence of 36.5%). Mean maternal age, gestational age and birth weight of the whole study sample were 30.19 ± 5.32 years, 37.2 ± 2 weeks and 2638 ± 588 g, respectively. The mean duration of birth delay under tocolysis was 18 days. We found no significant differences between couples with and without neonatal infection as of maternal age, parity, gravidity, abortus status and birth delay under tocolysis. Other general characteristics are summarized in Table 1 . Women had no group B streptococcus status.
Gestational age and birth weight of infected neonates were significantly lower than that of non infected, whilst their proportion of meconium stained amniotic fluid and ANICU was steadily higher. So, <37 week gestational age, amniotic fluid status and birth weight <2500 g were included among other traditional risk factors for neonatal infection in an univariate analysis aimed to determine their association with the occurrence of neonatal infection in a dichotomic mode (having the risk factor or not). We observed ( Table 2 ) that variables found significantly more frequent in mother-infant couples with neonatal infection were: prematurity, PROM, maternal UGI, prior cerclage and stained amniotic fluid. However, prematurity, birth weight <2500 g and maternal UGI were the only ones found to enhance the risk of neonatal infection 3-to 4-fold.
Discussion
In our study the prevalence of neonatal infection was 36.5%. This is similar to that reported by other authors among neonates born to mothers having been cared for threatened premature labor [3] - [7] . This is much higher when considering the overall incidence of possible severe neonatal bacterial infection of 7.6% reported by Seale et al. [13] in their systematic review and meta-analysis (excluding very preterm neonates) in sub-Saharan Africa, south Asia, and Latin America for 2012 (only 3 African countries included: Ghana, Kenya and Zambia). This means that, irrespective of the status of fetal membranes, preterm labor carries an actual risk of neonatal infection. Indeed, although PROM, a well known risk factor for neonatal sepsis, was significantly more frequent in case of neonatal infection, it did not range among the only 3 features found to steadily enhance that risk: maternal urogenital infection, birth weight <2500 g and prematurity (corresponding to failure of conservative treatment). Chan et al. [12] recently published a systematic review and meta-analysis of 122 articles (only 3 from Africa) to estimate the prevalence of early-onset neonatal infection in cases where the pregnant woman was infected or colonized with bacterial pathogens. Signs of maternal infection were: intrapartum maternal fever, uterine tenderness, maternal tachycardia, malodorous vaginal discharge, elevated white cell count and elevated c-reactive protein. Obviously, these are signs of chorioamniotitis, mostly after rupture of membranes of long duration (>18 hours), making it understandable the transversal (mother-infant) transmission. In case of preterm labor such as in our series where there is no sign/proof of infected ovum, it remains difficult to link uterine activity long before delivery to neonatal infection. Indeed, in our series, intrapartum fever had no significant link with occurrence of neonatal infection, probably due to particular environment of our setting where prior origin of fever is malaria. Yet, the need remains to find relevant features likely to guide any decision of intrapartum antibiotherapy aimed to decrease the risk of neonatal infection [8] . Authors insist on the fact that empiric antibiotherapy should not be administered systematically [11] [12] , since routine use is associated with outbreaks of resistant organisms.
The connection of (threatened) premature labor with intra-amniotic or neonatal infection even long before rupture of membranes might be found in maternal-infant transfer of inflammatory markers that has been demonstrated in case of maternal infection/inflammation [14] . So, unrecognized chorioamniotitis and inflammatory markers might mediate both uterine contractions and fetal/neonatal infection/inflammation [1] [2] [4] . Premature labor can thus be considered as a clinical manifestation of a long lasting intraamniotic/fetal infection [1] [2] [15] [16] . Therefore, any tocolysis tempting to prevent further preterm contractions is expected to prolong the duration of a pathophysiological situation likely to raise the risk of neonatal sepsis.
Criteria of premature onset of labor to be considered as either risk or causative factor of neonatal infection can be derived from clinical and laboratory features such as: detection of fetal fibronectin from cervicovaginal secretions after 24 weeks of gestation, cervical shortening attested by transvaginal ultrasonography, bacterial vaginosis, and elevated levels of interleukin (IL-6, IL-8), ferritin and granulocyte colony-stimulating factor [17] . However, due to usual absence of adequate equipment for assessment of all these conditions, prior threatened premature labor should be systematically regarded as heralding neonatal infection. Our data showed preterm delivery to be an additional factor significantly associated with neonatal infection, meaning that the attempt to block uterine contractions failed. We thus hypothesize that the risk for fetal/neonatal infection is minored in cases of successful conservative treatment. This remains to be addressed in order to properly base an empiric antibacterial treatment option [10] .
Our study identified women with three components (maternal unrecognized infection, preterm labor and early-onset neonatal infection) that seem to be connected with each other. Although early-onset neonatal infection has been recognized as a consequence of prior preterm labor, authors have most focused on condition after rupture of membranes. So, the question of cases where membranes are intact is rarely addressed. Taking in account local environmental exposure, our study makes it possible to restrict the number of women and neonates to be provided with antibiotic prophylaxis to cases of unsuccessful conservative treatment.
Some weaknesses are to be mentioned in our study. Neonatal sepsis is most caused by E.coli, coagulase negative staphylococcus, microorganisms from the normal flora of the maternal vaginal tract, including group B streptococci, Hemophilus influenzae, Listeria monocytogenes, and Streptococcus pneumonia. So, due to lack of reproductive tract/genital bacterial and neonatal cultures to attest maternal/neonatal colonization, this study cannot lead to specific local option to efficiently protect both mother and infant. Besides, the study design did not permit to assess the effect of any antibiotic or other measures used to treat prior preterm labor or any UGI in underestimation of neonatal infection.
Conclusion
The prevalence of neonatal infection in the study was very high (37%). In case of failure to delay preterm labor, birth weight <2500 g and maternal UGI were found to enhance the risk by 3 to 4 times. Prior preterm labor should be systematically searched among delivering women and regarded as a potent risk factor to permit proper anti-infectious measures.
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